Abstract. Organic semiconductor-based solar photovoltaic cells and sensors are scalable, printable, solution processable, bendable and light-weight. Furthermore, organic semiconductors require low energy fabrication process coupled with the ease of processing, as well as compatibility with flexible substrates, hence, can be fabricated at low cost as light-weight solar cells and sensors. Organic semiconductors have been identified as a fascinating class of novel semiconductors that have the electrical and optical properties of metals and semiconductors. The continuous demand to improve the properties of organic semiconductors raises the quest for a deep understanding of fundamental issues and relevant electronic processes. Organic semiconductor thin film is sandwiched between two metal electrodes of indium tin oxide (ITO) and aluminum to form organic photovoltaic solar cell. Several types of organic semiconductors have been utilized as the photoactive layer in the solution processable organic solar cells. The performance of the fabricated solar cells can be improved by dissolving the material in the right choice of solvent, annealing of organic thin film, slowly forming the thin film and introducing an infra-red absorbance layer. Besides, organic semiconductor-based sensors can be fabricated utilizing either in a sandwich type or planar type device. Some of these techniques and the experimental results are presented.
Introduction
Organic electronics field has been rapidly grown into new applications and products are currently in development process. Organic semiconductors can exhibit semiconducting and optoelectronic functionalities with processing conditions much milder than those used to make crystalline and amorphous inorganic semiconductors (such as silicon). Among the most promising organic basedelectronic devices are organic photovoltaics [1] , organic light emitting diode for displays [2] , organic field effect transistors [3] , organic sensors [4] , organic photodetectors [5] , thermoelectric generators [6] , and just to name a few. The driving force for tremendous wide-spread researches on organic-based devices are which can be processed at lower temperature, with greater speed, and with potentially lower cost, and compatibility with flexible substrates than traditional inorganicbased devices. For example, experts calculate that inexpensive plastic organic photovoltaic fabricated using continuous roll-to-roll processes could bring costs down to well below the crucial US$1.00 per watt threshold. Even though organic photovoltaic cannot yet compete with conventional inorganic-based solar panel, it offers a fascinating low cost alternative, where flexibility is more important than efficiency.
In this report, we present two types of organic-based electronic devices i.e.; organic photovoltaics and organic sensors. The photovoltaic system acts as one of the most economical ways to fulfill our energy requirements efficiently, since the sun-light is abundant in nature and free. The generated solar energy will be free of carbon pollution and green-house gases. However, the major problem of commercially available solar panels is the price; they are very expensive. Organic photovoltaic devices containing organic, polymer or dye semiconductor materials have received considerable attention as a third generation after silicon-based in the first and second generation solar technologies [7] . As with conventional inorganic-based photovoltaic devices (such as silicon), particular material combinations where one material is doped with a second can create junctions of electron donor and acceptor materials to form p-n junction. Organic materials can be deposited in very thin layers having high transparency, so that organic photovoltaic can be integrated into windows.
The sensitivity of organic semiconducting materials to the ambient conditions [8] [9] [10] made them promising for development of various types of sensors. Many authors [11] [12] [13] [14] [15] [16] [17] reported the potential of metal-porphyrins and metal-phthalocyanines in optical, gas and humidity sensors. Their reports show that these compounds are very suitable for the development of multifunctional sensors. Actually, the nature of the central metal and the lateral groups are responsible for the sensor properties. For instance, the porphyrins with different central atoms (Zn, Ni and Cu) and lateral groups are studied for sensor application by Saleem et.al [15] , Sayyad et.al [16] and Ahmad et.al [18] . These studies show that with only a little variation in synthesis, it is possible to obtain sensors with different sensitivity and responses. There are quite number of organic sensors have been reported in literature [19] [20] [21] [22] but no single sensor meet all the critical requirements for practical application such as long sensing range, short response/ recovery time and small hysteresis. To overcome these issues, there is need to optimize the thin film porosity and surface morphology. In organic sensors, analyte molecules diffuse into the organic film and interact with the organic material.
There are two methods to deposit thin film onto a solid substrate; first is dry-processing technique such as thermal vacuum evaporation and second is wet-processing technique such as spin-coating and spray-coating methods. We prefer to use the spin-coating technique because this technique offers lower material consumption and easier process to form the organic thin films on the solid substrates (such as glass), as compared to the thermal vacuum deposition method. Thus, we carefully choose the materials with a special feature of solution-processable, i.e. the materials must be fully dissolved in selected organic solvent.
Research Materials
In our research works at Low Dimensional Materials Research Centre (LDMRC), Department of Physics, University of Malaya, Malaysia, we focus on the solution-processable of small-molecules organic semiconductors which can be spin-coated to form uniform nano-scale thin films. Many types of organic materials used in our research studies were purchased from Sigma-Aldrich; vanadyl 2,9,16,23-tetraphenoxy-29H,31H-phthalocyanine (VOPcPhO), α,ω-dihexyl-sexithiophene (DH6T), tris[4-(5-dicyanomethylidenemethyl-2-thienyl)phenyl]amine (TDCV-TPA) and tris(8-hydroxyquinolinate) gallium (Gaq3). Besides, several types of organic semiconductors have been synthesized i.e. graphene and many azo-compound based dyes. Some of selected materials with their chemical structures are shown in Fig. 1 . We have previously reported on formation of smooth films from the low-molecular weight organic semiconductors such as VOPcPhO [23] , Gaq3 [24] , TDCV-TPA [25] by utilizing spin-coating technique. The thickness of the thin films was approximately between 60 to 100 nm, depends on the solution concentration as well as the speed of spin-coating. Selected organic thin films with different colors (can be viewed via online version only) and transparency are shown in Fig. 2 , with features of smooth and homogenous surface obtained from spin-coated material solution on the glass substrate. 
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Devices Fabrication: Organic Photovoltaic and Sensor. For solar photovoltaic device fabrication, the commercial indium-tin oxide (ITO) glass substrates with a sheet resistance of 7Ω/square were used as the bottom electrode. Then, the organic photoactive films were deposited by spin-coating onto ITO electrode. Finally, the top aluminum (Al) electrode was deposited using a thermal evaporator under high vacuum of 10 -5 mbar. The schematic diagram of the device construction of ITO/photoactive organic layer/Al is illustrated in Fig. 3(a) . The current-voltage characteristics of the devices were measured using a Keithley 2400 Source Measuring Unit in the dark and under the AM1.5G-filtered light irradiation at 100mW/cm 2 from an Oriel solar simulator. The light source was illuminated through the transparent ITO electrode. The thickness of the photoactive films was measured using a surface profiler meter.
The selected organic material was conveniently dissolved in organic solvent such as chloroform. Then, the solution was either spin-coated or drop-casted on the pre-patterned metal-electrodes, obtained by the photolithography process. The sensor device consists of metal/organic layer/metal in the planar type structure as shown in Fig. 3(b) . The metal-electrodes can be fabricatedin either a symmetric or asymmetric structure, and the metal type can be either aluminum or platinum or silver. The size of gap between the metal-electrode is about 20 micron.
(a) (b) Fig.3 The schematic diagrams of the fabricated devices, incorporating organic semiconducting material as the photoactive thin film; (a) solar photovoltaic device and (b) sensor device.
Organic Photovoltaic Device.
Recently, we demonstrated a new system of donor-accepter blend of poly(3-hexylthiophene) (P3HT) and VOPcPhO as acceptor material to form ITO/PEDOT:PSS/P3HT:VOPcPhO/Al bulk heterojunction photovoltaic device [26] . The currentvoltage of the fabricated and characterized device in open air device is shown Fig. 4(a) . The efficiency of the devices is presented in the bar chart of Fig. 4(b) . The efficiency of the P3HT:VOPcPhO blend of 1.09% which is three order of magnitude compared to the device without VOPcPhO. It was found that P3HT:VOPcPhO blend system has the potential to be applied in the bulk heterojunction solar cells, due to its better coverage of absorption solar spectrum in the visible region and considerably good electrical behavior.
In 2011, we reported the photovoltaic responses of the organic photovoltaic solar devices based on the combination of dihexyl-sexithiophene (DH6T) and methanofullerence (PCBM) [27] . We found that the power conversion efficiency of the bulk heterojunction DH6T:PCBM has improved up to 150% compared to that of the bilayer structures This was ascribed to the red shift obtained in the absorption spectra and better donor/acceptor proximity of DH6T:PCBM bulk heterojunction [25] . The results showed that the current-density (J sc ) of the TDCV-TPA based device was three times higher than that of the NPD-based device. This photovoltaic performance of the device under light illumination can be described by the greater electrical conductivity of the TDCV-TPA device, as evidenced from the device performance in the dark. Additionally, the generation of charge carriers in TDCV-TPA was greater than in NPD due to the larger portion of light that can be absorbed by the TDCV-TPA photoactive layer, as shown in the absorption spectrum.
Organic sensors. The first study on organic sensor in our laboratory was performed by utilizing a soluble phthalocyanine, Nickel (II) phthalocyanine-tetrasulfonic acid tetrasodium salt (NiTSPc). We found that NiTSPc solution can be an efficient sensitive device which is better than thin films based organic temperature sensors in the specific low range (20 to 85°C) due to its high sensitivity and relative fast response/recover towards any temperature change [28] .
The studies on the planar structure of VOPcPhO based organic sensor was previously reported by our co-researcher [22] . We examined the effect of different humidity conditions on the capacitive and resistive response of the Aluminum/VOPcPhO/Platinum co-planar structure. The experimental results showed that this humidity sensor has enough sensitivity, good selectivity, linearity and reasonable response and recovery times. Other research results on the humidity sensor performed by our co-researchers from Pakistan have been reported [29] . The blend of poly-Nepoxypropylcarbazole (PEPC), nickel phthalocyanine (NiPc) and carbon nanotube (CNT) was dropcasted onto glass substrates with pre-deposited planar-type metallic electrodes. It was reported that the experimental results have been supported by the simulation of the resistance/capacitancehumidity relationship. 
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Summary
We have successfully fabricated and organic-based photovoltaic solar cells and sensors, utilizing solution processable method. All the devices were fabricated and characterized under ambient condition. Thus, it is not surprised that the efficiency of the solar cells is very low. Nevertheless, we are confident that efficiency can be enhanced via a systematic research work. Our current research studies on organic semiconductor-based sensors have been carried by exploring the possibility to use azo-compound as light sensors. The findings of these devices will be reported elsewhere.
